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Abstract 
Microstructure control always plays a key role in enhancing properties of high-strength Al alloys. Attempts to improve the micro-
structure of 7000 series alloys by addition of 1.0 wt% Li have been made for a long time, but unsystematically. This article compares the 
microstructural features of 1.0 wt% Li-containing Al-Zn-Mg-Cu alloy with those of Li-free Al-Zn-Mg-Cu alloy by using differential 
scanning calorimetric (DSC) techniques, Vickers microhardness and transmission electron microscopy (TEM). The results show the 
dominance of Guinier Preston (GP) zones, K' or K phases in 1.0 wt% Li-containing Al-Zn-Mg-Cu alloy, and confirm the capability of Li 
to retard the rate of precipitates growth and coarsening. 
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1 Introduction* 
Al-Zn-Mg-Cu alloys have long been serving as 
one of the major structural materials in aerospace 
and automotive industries thanks to the high spe-
cific strength and other prominent properties. The 
maximum strength of Al-Zn-Mg-Cu alloys is gener-
ally linked to precipitates of K' phase and its pre-
cursors[1]. Alloy content adjustment and microstruc-
ture control have always been regarded as effica-
cious tools to improve alloy performances. There-
fore, untill now, a large amount of literatures have 
been published on this subject. Since Li-containing 
Al alloys are commonly considered to make a fea-
ture of light weight, high specific strength and high 
elastic modulus, the effects of high Li-content (more 
than 1.8 wt% )[2-4] and low Li-content (less than 1.0 
wt%)[3] on Al-Zn-Mg-Cu alloys have been investi-
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gated widely in recent years. It is evidenced that in 
higher Li-content alloys (over 1.8 wt% Li), the main 
strengthening precipitates are G and/or its transient 
phases[2-4], while in lower Li-content alloys (under 
10.0 wt% Li) they are K' and/or its transient 
phases[3]. Regretfully, little systematic information 
was reported on the 1.0 wt% Li-containing Al-Zn- 
Mg-Cu alloys, especially their phase transformation, 
microstructure evolution and hardening effects ex-
cept knowing the absence of the G phase in it[3,5-9]. 
The present study is meant to raise public interest in 
1.0 wt% Li-containing Al-Zn-Mg-Cu alloy and to 
provide a deeper understanding of the effects of 
adding Li on the properties of the alloys with an 
intention of searching for possible Li-containing 




The materials investigated are Al-Zn-Mg-Cu 
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alloy and Li containing about 1.0 wt% alloy. The 
compositions of which are ķ alloy A: Al-5.14%Zn- 
1.24% Mg-1.76% Cu-0.10% Zr-0.35% Mn and ĸ
alloy B: Al-5.17%Zn-1.22%Mg-1.74%Cu-1.01% 
Li-0.10% Zr-0.35%Mn. The alloys were melted in a 
vacuum furnace and cast into a water-cooled mould 
under argon protection. The ingots were homoge-
nized by a dual-step heating approach: 430 °C × 24 
h to 470 °C × 36 h, hot-forged at about 430 °C, so-
lution treated at 490 °C for 1 h and finally quenched 
in cold water.  
2.2 Methods 
(1) Precipitation study with DSC 
The differential scanning calorimetric (DSC) 
technique was adopted to study the precipitation and 
dissolution of Guinier Preston (GP) zones and me-
tastable phase K' in the alloys. It has been generally 
accepted[10] that the precipitation sequence of 7000 
alloys can be written as 
D ĺ GP ĺ K' ĺ K (MgZn2) 
In order to obtain precise information about the 
phase transition, the calorimetric method was used 
to determine the exothermic peak and the endother-
mic trough in specimens with different initial phases. 
Specimens were prepared by three different pre-
treatments: ķ solution-treated without any precipi-
tate, ĸ high-temperature-aged at 160 °C for 48 h, 
and Ĺ high-temperature-aged at 180 °C for 32 h 
with K' andK as the main precipitates. The endo-
thermic trough on the DSC curves in the heating 
process was assumed to represent dissolution of the 
initial phases. The tests were run on alloys A and B 
by using Pheometric Scientific DSC SP at a heating 
rate of 10 °C/min. 
(2) Vickers microhardness  
Vickers microhardness was determined under a 
weight of 500 g. Each data point represents an av-
erage of five measurements with a scattering allow-
ance of approximate 2 HV. 
(3) Microstructure analyses with TEM 
The transmission electron microscopy (TEM) 
technique was used in microstructure analyses. Cir-
cular slices 3 mm across were cut out from the al-
loys and ground to a thickness of about 50 μm. The 
disks were subsequently polished to  perforation 
on a twin-jet electro-polishing unit by using a 70%- 
methanol solution at about –30 °C. The thin foils 
were examined on a TEM-2010 FS microscope. 
3 Results and Discussion 
3.1 DSC investigation 
An overview of the precipitation in the alloys 
can be obtained from the DSC curves. The experi-
ments were conducted on both alloys A and B. 
Fig.1(a) shows a trace in alloy A on the solution- 
treated condition. The first endothermic trough “a ” 
can be attributed to the reversion of GP zones 
formed during natural ageing. When the temperature 
reaches approximately 120 °C, K' precipitates nu-
cleate in existing GP zones resulting in a strong 
exothermic peak “b” on the thermogram. At higher 
temperatures, two other exothermic peaks “c” and 
“d ” can be observed with the one corresponding to 
the K' ĺ K transformation and the other probably 
to the precipitation of T phase because the alloy is 
in the (Al +K + T) region of the phase diagram. The 
K and K' ĺ K peaks are well separated. This indi-
cates that K' nucleates so easily that the precipitates 
formed are relatively stable without immediately 
transforming into K[11]. This is not true of alloy B 
(see Fig.1(b)), in which the exothermic peak “b” 
tends to be insignificant. Consequently, it appears 
that the reversion of GP zones leads to a more diffi-
cult nucleation of K' at higher temperatures in the 
same way as discussed in Ref.[5]. Possibly, K' nu-
cleation occurs at a larger GP zones dimension, 
triggering an almost K' ĺ K transformation imme-
diately.  
In general, G phase precipitates in Li-contain-
ing alloys below 180 °C. In order to judge whether 
G phases exist or not, DSC tests were carried out 
next. The DSC curves of alloy B aged at 160 °C for 
48 h and 180 °C for 32 h are plotted in Figs.2(a) and 
2(b), respectively. Comparing the DSC curves of 
Al-Li alloys[12] with those of Al-Zn-Mg-Cu alloys[11], 
two endothermic troughs in both figures are identi- 




Fig.1  DSC curves on solution-treated condition. 
 
 
Fig.2  DSC curves of alloy B. 
fied to be the dissolution of K' (trough “a”) and K 
(trough “b”). However, the characteristic peaks or 
troughs of G phase and precursors have never been 
disclosed. 
3.2 Vickers microhardness investigation 
The artificial ageing was carried out on the al-
loy B in order to study the effects of adding Li on 
the hardness (see Fig.3). 
 
Fig.3  Ageing curves of alloy B at 120 °C and 160 °C. 
In Fig.3, sharp increases in hardness are noted 
at the outset. As the ageing proceeds, the ageing 
curves show an almost unchanged hardness. The 
over-ageing has not been found in the time range 
under test. By comparing to Li-free Al-alloys, it is 
clear that the most important hardness increase is 
achieved at the beginning of artificial ageing, and as 
the ageing proceeds, the rise in hardness gradually 
slows down. A remarkable over-ageing can be found 
in Li-free alloys. 
3.3 TEM investigations 
Since the precipitates and precipitation se-
quence in Al-Zn-Mg-Cu alloys under various ageing 
conditions have been well clarified[13], this article 
focuses its attention on the microstructural study of 
Li-containing alloys. Fig.4 shows the characteristic 
structures produced in Li-added alloys after water 
quenching and artificial ageing at 120 °C for 24 h. 
Although the GP zones can be identified by their 
distinct spheroidal appearance in examination, it is 
as yet difficult to acquire the complete structural 
information. 
Fig.5 shows the microstructure of precipitates 
in the alloy B aged at 160 °C for 48 h, which con- 
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Fig.4  Bright field image of alloy B aged at 120 °C for 24 h 
with beam direction [110]Al. 
 
(a) Bright field image 
 
(b) [110]Al 
Fig.5  Microstructure of alloy B aged at 160 °C for 48 h. 
sists of uniformly distributed precipitates. The diff- 
raction patterns are obtained from the [110]Al. The K 
precipitates are determined by their lattice orienta-
tion relative to the matrix and the lattice parameters 
by using the aluminum parameters determined in 
Ref.[13]. These patterns are mostly full of K' and K 
spots. By diffraction analysis, it is found that the K 
precipitates are composed of K1, K2, and K3. The 
shape of K' precipitates is plate-like. The morphol-
ogy of precipitates in Al-Zn-Mg alloys has been 
pried in Ref.[13]. No other precipitates are discov-
ered from the selected area diffraction patterns. The 
TEM results are consistent with the DSC experi-
ments. 
Fig.6 shows the microstructure of precipitates 
in the alloy B aged at 180 °C for 32 h, which also 
 




Fig.6  Microstructure of the alloy B aged at 180 °C for 32 h. 
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presents a picture of uniform distribution. The na-
ture of precipitates is obtained from the [100]Al. The 
diffraction analysis presents a situation different 
from that aged at 160 °C. The precipitates appear to 
be K in the orientations K1, K2, K4 and K'. 
3.4 Discussion 
In Al-Zn-Mg-based alloys, there are two alter-
native routes for K' formation. After solution treat-
ment and quenching to room temperature, there will 
be a supersaturation of vacancies and alloying ele-
ments in the alloy, which leads to formation of two 
types of zones or clusters: solute rich GP I zones or 
Mg/Zn cluster and solute/vacancy-rich GP II zones. 
These are assumed to be the main formation route of 
K' with GP II zones as an intermediate phase. At 
higher ageing temperatures, above the GP zone sol-
vus, GP II zones transform into K' while GP I zones 
either dissolve or transform into K' if the GP zones 
dimension has reached some critical size[14]. The K' 
precipitates can appear as the nucleated phase at-
tains 180 °C and more. In the course of isothermal 
heat treatment, they are replaced by the equilibrium 
K phase. 
In Al-Zn-Mg-(Cu)-Li alloys, most of the 
quenched-in vacancies are bound to Li atoms to 
form Li-v clusters since Li possesses a relatively 
stronger vacancy binding energy than Zn and Mg 
atoms[15], thus reducing the number of vacancies 
available for the transport of Zn and Mg atoms. 
Consequently, the formation of GP zones is con-
trolled by the migration of Li-v. The clustering 
process of Zn and Mg atoms into zones is modified 
to such a degree that the concentration of vacancies 
and the ratio of Mg/Zn in initial zones are changed. 
This leads to vacancy-rich GP zones which nucleate 
upon the initial Li-v aggregates. The more important 
fact is that the nucleation mode has been changed 
from homogeneous nucleation to heterogeneous 
nucleation. These nuclei should be stable enough 
and remain fairly mobile to allow them to succes-
sively accommodate an adequate number of zone- 
forming atoms. The stability of these aggregates 
seems to be sufficient and the vacancies associated 
with the initial clusters will also make them fairly 
mobile. Therefore, these stable and slowly moving 
aggregates of Li-v are ready to accommodate Zn 
and Mg atoms that are diffusing into them. 
The reduced free vacancy concentration retards 
the diffusion of Zn and Mg atoms and consequently 
suppresses the formation and coarsening of GP II 
zones and K' phases. However, the formation of GP 
I zones is accelerated in Li as solute atoms will de-
crease the solubility of Mg and Zn in matrix thus 
promoting their precipitation, but suppressing their 
growth and coarsening. As indicated in the previous 
investigation[16], the precipitate size in Li-containing 
alloys is considerably smaller than that in Li-free 
alloys when both alloys undertake the same ageing 
treatment. The above-cited results are consistent 
with Vickers microhardness investigation. The fact 
that ageing curves show an almost unchanged hard-
ness is owing to the slow growth and coarsening of 
precipitates as the ageing proceeds.  
From TEM and DSC investigations, it stands to 
reason that GP zones, K' or K phases are dominant 
phases in either Li-containing or Li-free alloys. The 
morphology of the precipitates was determined by 
their lattice orientation relative to the matrix. 
4 Conclusions 
(1) Al-Zn-Mg-Cu alloys containing about 1.0 
wt% Li do not alter the dominant precipitation. 
(2) It is confirmed that Li retards the rate of 
precipitates growth and coarsening. 
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